INTRODUCTION
Centers for Diseases Control (CDC) group IVc-2 is a Gram-negative non-fermentative rod sporadically associated with human infection. Cases of bacteraemia, peritonitis and tenosynovitis have been reported but an underlying disease, potentially affecting the immunocompetency of the patients was described in most cases (Anderson et al., 1997) . This bacterium is believed to be an environmental organism and several infections associated with contaminated water have been described (Anderson et al., 1997) . CDC group IVc-2 strains have also been reported in pool water (Aspinal & Graham, 1989) , groundwater (Campbell Wyndham et al., 1994) , and even in considerable percentages of different brands of bottled mineral water (Manaia et al., 1990) .
Although known in scientific literature for a long time, few studies have focussed on the taxonomic affiliation of this organism and a proper binomial name has not Abbreviation : ARDRA, amplified rDNA restriction analysis.
The GenBanldEMBUDDBJ accession number for the 165 rDNA sequence of strain LMG 3413T is AF085226.
been proposed. In 1987, Rossau and colleagues reported that CDC group IVc-2 strains belonged to rRNA superfamily I11 sensu De Ley or the / 3 subclass of the Proteobacteria (De Ley, 1992) , with the generically misnamed Alcaligenes eutrophus and Pseudomonas solanacearum as its closest neighbours (Kersters & De Ley, 1984; Rossau et al., 1987) . Later, Yabuuchi et al. (1 995) reclassified Alcaligenes eutrophus, Pseudomonas solanacearum and Pseudomonas pickettii in a novel genus Ralstonia, as Ralstonia eutropha, Ralstonia solanacearum and Ralstonia pickettii, respectively. The T,(e) values of DNA of CDC group IVc-2 strains towards radioactively labelled rRNA of the R. eutropha type strain (Rossau et al., 1987) indicate that CDC group IVc-2 belongs to the same genus; this was recently confirmed by 16s rDNA gene sequence analysis as reported by Osterhout et al. (1998) . In the present study, we performed an integrated genotypic and phenotypic analysis of CDC group IVc-2 strains to characterize their phenotype and genotype, and their relatedness towards established species of the genus Ralstonia. Apart from R. pickettii, R. solanacearum and R. eutrophus, we also included reference strains of R. gilardii, a recently delineated species from environmental and human clinical origin (Coenye et al., 1999 
METHODS
Bacterial strains and growth conditions. All strains were grown on Trypticase Soy agar (catalogue no. 11768; BBL) and incubated aerobically at about 37 "C, except when stated otherwise. The strains and their sources are listed in Table 1 . Bacteriological purity was checked by plating and examining living and Gram-stained cells. Analysis of protein electrophoretic patterns. Strains were incubated for 48 h. Preparation of cellular protein extracts, PAGE, densitometric analysis, and normalization and interpolation of the protein profiles were performed as described by Pot et al. (1994) ; numerical analysis was performed using the GelCompar 4.0 software package (Applied Maths). The profiles were recorded and stored on a PC. The similarity between all pairs of traces was expressed by the Pearson product-moment correlation coefficient converted for convenience to a percentage value.
Amplified rDNA restriction analysis (ARDRA). DNA was prepared and 16s rDNA genes were amplified as described previously for Alcaligenes and Bordetella strains (Heyndrickx et al., 1996) from 24-h-old cells. Restriction digestion of the amplified 16s rDNA was carried out as recommended by the manufacturer using 5 U of one of the restriction enzymes HaeIII (Boehringer Mannheim), RsaI (Pharmacia Biotech), HpaII, TaqI or NlaIV (New England Biolabs). For each strain the normalized restriction patterns obtained with each of the five restriction enzymes were assembled into a combined profile and analysed using the Dice similarity coefficient (S,) and the UPGMA clustering algorithm (GelCompar 4.0).
Preparation of high-molecular-weight DNA. Highmolecular-weight native DNA was prepared as described before (Vandamme et al., 1992) .
DNA base compositions. All of the mean mol% guanine plus cytosine (mol% G + C ) values were determined by (1999) . Sequence assembly was performed by using the program AutoAssembler (Perkin-Elmer, Applied Biosystems) and phylogenetic analysis was performed by using the GeneCompar 2.0 software package (Applied Maths). The consensus sequence and the sequences of strains belonging to the same phylogenetic group (retrieved from the EMBL database) were aligned and a phylogenetic tree was constructed based on the neighbour-joining method.
Phenotypic tests. Classical phenotypic tests were performed as described previously (De Vos et al., 1985) . The API 20NE and API ZYM microtest systems were used according to the recommendations of the manufacturer (bioMerieux).
RESULTS

PAGE of whole-cell proteins
Duplicate protein extracts of several strains were prepared to check the reproducibility of the growth conditions and the preparation of the extracts. The similarity level between duplicate protein patterns was above 93% (data not shown).
The dendrogram resulting from the numerical analysis of the protein profiles of all of the strains examined is shown in Fig. 1 ; Fig. 2 shows the whole-cell protein patterns of a representative selection of the strains examined. CDC group IVc-2 strains formed two distinct clusters : ,a first cluster (cluster IV) grouping above a similarity level of 88% contained strains LMG 3517, LMG 3518, LMG 15544 and LMG 3413; and a second cluster (cluster V) grouping above a similarity level of 76%, contained strains LMG 3317, LMG 3318, LMG 3319, LMG 3320, LMG 3244T, LMG 3245, L5L7 and LlL1. The differences between the whole-cell protein profiles of strains of the two clusters were primarily confined to the position and density of a dense protein band with molecular weight situated in the 29000-36000 molecular weight region (Fig. 2) . In addition, some of the strains were characterized by a distortion of part of the protein pattern (compare the patterns of strains LMG 3245 and LMG 3244 in Fig. 2 of strains LMG 6871 and LMG 7001 in Fig. 2) . The R. gilardii strains (cluster 11, grouping above a correlation level of 87 YO) and the type strains of R. eutropha and R. solanaecearum occupy distinct positions in the dendrogram (Fig. 1 ).
ARDRA analysis
Seven CDC group IVc-2 strains were examined along with the type strains of R. eutropha, R. solanacearum, R. pickettii and R. gilardii. In the numerical analysis of the combined ARDRA patterns (Fig. 3) , all CDC group IVc-2 strains examined formed a single cluster above a similarity level of 95 YO. All of the type strains of the reference species occupied distinct positions.
DNA base composition
The DNA G + C content of all of strains examined is given in Table 2 .
DNA-DNA hybridization results
The DNA-DNA hybridization results are listed in Fig. 4 . shows the result of neighbour-joining cluster analysis of strain LMG 3413 and related bacteria.
Phenotypic tests
The results of the phenotypic analyses are listed below; some are shown in Table 3 . Ralstonia paucula sp. nov. Previous studies have demonstrated that CDC group IVc-2 phylogenetically belongs to the genus Ralstonia as demonstrated by 16s rRNA sequence analysis and DNA-rRNA hybridization experiments (Rossau et al., 1987; Osterhout et al., 1998) . In the present study, we examined the genotypic and phenotypic characteristics of 12 CDC group IVc-2 strains and compared them with those of the presently known species of the genus Ralstonia. The biochemical reactivity pattern, the whole-cell protein and the ARDRA patterns of all strains, including two spa water isolates (Manaia et al., 1990) , were very similar and clearly distinct from those of strains representing the known Ralstonia species (Figs 1-3) .
Analysis of the nearly complete 16s rDNA sequence of strain LMG 341 3 revealed sequence similarity values of 94-2-97.5 % towards 16s rDNA sequences of Ralstonia species ; the similarity levels towards Burkholderia or Alcaligenes species, the closest relatives of Ralstonia, were below 90 %. This confirmed that CDC group IVc-2 belongs to the genus Ralstonia as it clusters amidst the other named Ralstonia species and it is clearly separated from related genera. The DNA base ratio of about 66 mol % is within the range of the genus Ralstonia which is between 64 and 69 mol% (Coenye et al., 1999; Yabuuchi et al., 1995) , and DNA-DNA hybridizations towards the type strains of R. eutropha, R. solanacearum, R. pickettii and R. gilardii revealed no significant DNA-DNA binding levels (Table 2) . These data unambiguously indicate that CDC group IVc-2 represents a novel Ralstonia species for which we propose the name Ralstonia paucula sp. nov. below.
Identification of R. paucula sp. nov.
Thus far, two Ralstonia species have been isolated from human clinical specimens. R. pickettii is a wellestablished species that has been isolated from various human sources including urine, wounds, blood, cerebrospinal fluid and the nasopharynx (Riley & Weaver, 1975) . R. gilardii is a novel species that has been isolated from spinal fluid, bone marrow, a furuncle and environmental sources (Coenye et al., 1999) . As discussed above, whole-cell protein and ARDRA analyses differentiate R . paucula from other Ralstonia species. In addition, phenotypic tests as listed in Table  3 readily allow differentiation of R. paucula from the other Ralstonia species. Bordetella bronchiseptica, an organism mainly isolated from respiratory tract infections in man and animals shares many characteristics with R. paucula but can be differentiated by its ability to reduce nitrate, inability to grow in the presence of Tween 80, and absence of cystine arylamidase, phosphoamidase and lipase C 14 activity ( Table 3) .
Description of Ralstonia paucula sp. nov.
Ralstonia paucula (pau'cu.la. L. adj. pauculus rare, very few, to indicate that these strains only sporadically cause human infections).
Cells are Gram-negative, non-spore-forming and rodshaped. After 24 h growth on Trypticase soy agar at 30 "C, the mean cell size was about 0.8 pm in width, and 1.2-2 pm in length. Strains produce convex, circular, and beige colonies with entire edge and smooth surface. , and leucine and cystine arylamidases, and phosphoamidase activity are present ; valine arylamidase, trypsin, chymotrypsin, a-galactosidase, P-glucuronidase, a-and P-glucosidase, N-acetyl-Pglucosaminidase, a-mannosidase and a-fucosidase activity are not detected.
Ubiquinone-8 was reported to be the respiratory quinone (Ferreira et al., 1996) . Strains have been isolated from a variety of human clinical sources including blood, wounds, sputum, urine, eye, throat and peritoneal fluid. In addition, R. paucula strains have been isolated from pool water (Aspinal & Graham, 1989) , groundwater (Campbell Wyndham et al., 1994) and bottled mineral water (Manaia et al., 1990) . It should be noted that R. paucula strains were present in bottled mineral water only at the day of bottling; after 7 d storage, no strains could be recovered, suggesting that they did not survive or were, unlike several other components of the flora of bottled mineral waters, unable to multiply (Ferreira et al., 1996) . The DNA G + C content is 65-67 mol%. The type strain is LMG 3244T (= CCUG 12507T = CDC E6793T), which was isolated from a human respiratory tract in the USA. Its G + C content is 67 mol%. 
